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ABSTRACT 



Fluorine-doped SiO, (FSG) has a low dielectric constant just after deposition However, the dielectric consent ol 
FSG gradually increase* with time when left in air. We have developed a way to stabihxe dielectric constants of FSO left 
in theairbyplasma annealing. We have found that N t O-plasma annealing is quite effective for blocking moisture. The 
dielectric const sots of P3G treated by the N,0-plasma annealing rarely change. 



Introduction 

With increasing integration density of large scale inte- 
grated (LSI) devices, multilevel metallization technology 
is becoming more important than it used to be. In 
advanced logic devices, the inter layer dielectrics have 
increased to four or five layers. Strong improvements are 
required on these interlays* dielectrics; for example, good 
gap filling, global planarization, high resistance to mois- 
ture and low outgassing. 1 ^ We think that in the near future 
it will be an important issue as to how to lower the dielec- 
tric constants of interlayer dielectrics 4 * 8 to solve a problem 
that we are beginning to confront now, that is, wiring 
delay which is beginning to dominate the total signal 
delay in LSIs. Many research groups are trying to develop 
fluorine-doped SiO, (FSO) to realise such an ideal inter- 
layer dielectric with a low dielectric constant. We also 
have been developing FSG*. We have achieved a low dielec- 
tric constant, as low as 3.6, in a practical sen bo, however, 
the most critical issue in FSG. with lower dielectric con- 
stants was the low resistance to moisture. If FSG was left 
in the air (temperature: 23°C, humidity: 42%), FSG 
absorbed moisture easily which resulted in an increase of 
the dielectric constant, because the dielectric constant ol 
HjO is as high as 80 at room temperature. Worse still it has 
a bad Influences for device reliability through poatthermal 
processes. However, we have found the clue for solving 
this problem by N,0 plasma annealing. 

Experimental 

FSG were deposited at 400'C on Si substrates by 
plasma enhanced chemical vapor deposition (PECVD: 
AMAT; Model P-5000C Delta mf tetraethylorthosilicate 
(TEOS) version, for 8 in ). Dual frequencies (13.56 MHz 
and 850 kHz) were applied simultaneously to the elec- 
trode. A CjF, gas was introduced into the chamber as a 
source gas of fluorine in addition to TEOS and 0|. A 
scheme of the PECVD reactor is shown in Fig. 1. The FSG 
films were annealed by 0*, N„ or N s O plasmas with anoth- 
er PECVD chamber after the deposition. The deposition 
condition is shown in labia I and the plasma annealing 
condition is shown in Table TL 



We studied changes in dielectric constants, as a function 
of time, to learn the effects of plasma annealing with 0 3 , 
N 3 , or N f O plasmas, and also to investigate the effects of 
plasma mim^llng on the molecular structures of the FSG 
films. The dielectric constants of the FSG films were 
measured in the following way. The FSG films were 
deposited on heavily ion implanted Si substrates. The 
heavy ion implantation, more than 10 l, /cm\ was necessary 
for completely suppressing depletion layers on the sur- 
faces of Si substrates and thereby for assuring correct 
measurements of dielectric constants of FSG. Then Au 
was evaporated on the FSG films as electrodes, and the 
capacitance of each MOS structure was measured. The 
thickness was measured by ellipsometry. The dielectric 
constants were calculated from the capacitance, the thick- 
ness, and the area of the electrode. To assure ohmic con- 
tacts between the back side of Si substrates and the stage 
of the prober, Ag paste was coated on the back side of Si 
substrates. 
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Flaunt 

power Flow 
(W) rate 
A^r^img Gas HF/LF (seem) 


Temperature Pressure 
TO flurr) 



4*6 



NjO-plasma N»0 300/0 500 400 4 
annealing 

N.-pUimi N, 300/0 500 400 4 
annealing 

0,-piasma O, 300/0 500 400 4 
'annealing 

oTgail O. 0/0 500 400 4 
enn eating 



The wet etching rates a s a fu nction of film depth, 
Fourier transform infrared (FTCR) spectre, and thermal 
desorption spectroscopy (IDS)' spectra were examined in 
order to investigate differences in the chpnucal properties 
between FSG £Ums before and after the plasma annealing. 
The wet etching rates were measured by dissolving films 
with 5% hydrofluoric acid (HF) s tep b y step and by mea- 
suring the thickness at each step. FTIR spect ra wer e taken 
before and after the NjO-plasina annealing. FTIR spectra 
were taken by subtracting the signals of Si substrates from 
those of FSG films deposited on the Si substrates. IDS 
spectra of samples before annealing were taken after 24 h 
from the deposition, and TDS spectra of samples treated 
by the N a O-pla8ma annealing were observed after 24 h 
from the annealing. These measurements were done from 
30 to 1000*0 raising temperature by 1*C per second. 

Secondary Ion mass (SIMS) spectra were taken to inves- 
tigate changes in chemical composition of FSG films as a 
function of depth after the N t O plasma annealing, and also 
to investigate difference between the K a O-piasma and O t - 
plasma annealing. 

Results and Discussion 

Figure 2 shows the change in dielectric constants as a 
function of time- In this experiment, three samples were 
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used; sample 1 was annealed in in O, plasma! sample 2 
was annealed in a N a plasma, and sample 3 was annealed 
in an N,0 plasma. In every case, the plasma annealing 
time was 1 trim. The dielectric constant of FSG after the 
CVpiasma annealing goes up with time. However, the 
increase of dielectric constants of FSG after N^plasma 
annealing or N s O~plasma annealing was smaller than that 
after 0,-plasma annealing, especially the latter was very 
small. As for the increase of dielectric constants with the 
passage of time, it is assumed that it comes from absorb- 
ing moisture. Comparing these results, it is suggested that 
nitrogen atoms in the plasma play an important role in 
making FSG films highly resistant to moisture. N 4 0 plas- 
ma is more effective than N 3 plasma. It is thought that this 
result is due to the difference of decomposition efficiency 
in plasmas, ie. f the decomposition efficiency of N*0 is 
higher than that of N a . 

Figure 8 also shows change in dielectric constants as a 
function of time. In this experiment, three samples were 
used; sample 1 was annealed in Q, gas at 400*C, sample 2 
was annealed in an N,0 plasma, and sample 3 was etched 
by 3000 A after annealing in N 4 0 plasma. In every case, 
the annealing time was 30 into The dielectric constant of 
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FSG after O, gas annealing goes up with the passage of 
time. However; as mentioned above, the dielectric constant 
of FSG after NjO-plaamo annealing rarely changes. 
Especially was the dielectric constant of the same sample, 
but etched after annealing in N 2 0 plasma, kept constant. 
These results suggest the following. Thirty minutes of 
treatment by N,0 plasma is long enough to make FSG 
films highly resistant to moisture. However, the dielectric 
constant of the sample etched by 3000 A after N|0-plasma 
annealing goes up a little with the passage of time. This 
indicates that the improvement in the quality of FSG films 
is not uniform through the film- In other words, the sur- 
face of FBG films treated by N,0 plasma seems to be mare 
hydrophobic than the inside, though the quality of the 
inside is also improved by the N x O-plasma treatment 

Figure 4 shows etch rates of FSG as a function of film 
depth before annealing, after 0,-plaama annealing, and 
after N»0-plasma annealing for 30 min. The etch rate of 
nrm annealed sample increased a little bit with depth. The 
etch rate of 0 2 -plasma annealed sample became a little bit 
taster with Increased depth than in the case of the nonan- 
neeled sample, but it was about two-thirds of the etching 
rate of the nan annealed sample. The etch rate of the NtO- 
plasma »wni»»l»d sample was smaller than that of O r plae- 
ma annealed sample. In the case of the NtO-plasma 
annealed sample, the etch rate near the surface was less 
than half of that of the inside. These results indicate that 
(0 chemical properties in the inside of FSG films were 
changed by N,0-plasma annealing and («) chemical prop- 
erUes at the surface of FSG films were changed more 
strongly than that in the inside. 
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Figure 5 shows etch rates of FSG before and after N,0- 
plasma annealing as a function of the film depth for dif- 
ferent annealing time. In the case of annealing as short as 
1 rain, the etch rate in the inside was the same as that of 
the nnn annealed sample, while in the case of the 15 min 
annealing, the etch rate in the inside was lower than that 
of the nonannealed sample, suggesting that the reaction 
proceeded to the deeper part of the film during the pro- 
longed treatment time. Moreover, in a case of the 30 min 
annealing, the etching rate in the inside was a little bit 
lower than that of the 15 min annealed sample, Toe etch 
rates near the surface of these two samples (i.e., 16 and 
30 min) were almost the same, and they are a little bit 
lower than that of the 1 min annealed sample. It is thought 
from these results that changing the chemical properties in 
the inside of FSG films strongly depends on annealing 
time, while changing the chemical properties at the sur- 
face does not depend on annulling time so much, suggest- 
ing that the reaction is diffusion limited. Comparing the 
data of the N,0-plasma annealed sample with that of the 
O r plasma annealed sample, it is thought that properties 
in the inside of FSG films were improved by N s O-plasma 
annealing more than by O r plaszna annealing, but CVplas- 
ma *«nM»Htig is also somewhat effective in improving the 
properties in the inside of the FSG films. On the other 
hand, the properties at the surface of FSG films wen 
improved only by NgO-pUsma annealing. O t -plasma 
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from specimens left in the air 24 h after the annealing. 
These spectra suggest that the quantity of moisture 
absorption after N,0-plasma annealing la much lower 
than that after (Vgas annealing. A broad peak ranging 
from about 100 to about 250*0 is considered to be due to 
physically absorbed H,0 molecules in the film left in the 
air after the deposition, suggesting that the N x O-plasma 
annealing is affective against moisture absorption. 

Fhrure 7 shows TOR spectra of FSO before and after 
N t (£plasma annealing. After N.O-plasma annealing, 
nloH and Si-Otf ' ****** r^uc£ ana the ^ 1»* 
became larger. The peak due to Si-0 bonds became larger 
after N.O-plaima annealing. These results seem to be 
caused by oxidation of FSG films in tne plasma. Othw di*. 
cernible differances between ^O-plasma ****** 
nonannealed samples were not observed in the FITR 
so«ctnu*" u 

Figure 8 shows SIMS spectra of FSG films before 
mn^n^g, after 0,-plasma B Tm«ling » and after N,0-pua- 
ma annealing. We found that the atomic density of fluo- 
rine in the inside has a tendency to ^^^J^^ 
annealing. The decrease in the atomic density of fluorine 
in theinside was larger after O r pla*ma annealing than 
•Iter N.O-OlAima annealing. With shortened plasma 



line due to N,0 plasma became nondetectable as com- 
pared with 0,-plasma annealing. Another important phe- 
nomenon we need to emphasize here is the existence of 
nitrogen atoms after N,0-plasma a nn eali n g for both the 
case of 1 and 15 min annealing. Comparing the data 
between N a O-plftsma and O r plaama annealed aamples^we 
think that there might be two origins for making FSO 
films highly resistant to moisture absorption. One is the 
existence of nitrogen atoms in the films, the other is 
changing the chemical composition at the surface. That is 
tt is thought that a slight amount of nitride was formed 
through the inside^ 4 while the thin top surface is closer to 
bei ng pure nitride. 11 

labia m shows stress change of FSG films before 
annealing, after O t -plasma annealing, and after N a O-plaa- 
m annealing. We found that the stress of films changes to 
the t ensile direction following plasma ann e a l in g . This ten- 
dency is stronger in N t O plasma than in O, plasma. 

Summarizing the results of this research we would con- 
clude the following. By N|0-plaama annealing, a small 
quantity of nitride is formed in the inside of FSG films 
and the sources of absorbing moisture (e.g., Si-OH) are 
removed. This is the reason why the wet etching rates of 
FSG films annealed by N,0 -plasma with HF become slow- 
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table ft. SfeMi of PSG Hmi before and after . 

using N/3 plasma or Oj pbtmo. 



Strew (dyn/cm*) 



Before annealing After annealing 
NjO-plasrna annealing -6.2E8 -3.8E8 
Ooplasm* annealing -8.3E8 -4.3K8 



and why the dielectric constant of FSG after N.O-placna 
annealing rarely changes with the passage of time as com- 
pared with othera. Further, N s O-plasma annealing seems 
to change the chemical composition at the surface. 
Because of this change in the chemical composition at the 
surface and small amounts of nitride formed in the inside, 
FSG shows high resistance against moisture absorption if 
the plasma ami«Hrig time is long enough. 

Conclusion 

We found that the N,0-plasma annealing of FSG is quite 
effective in blocking moisture. We feel that this method 
op en s up the possibility for using FSG films in actual use. 
The effect of N t O-plaeTna annealing is considered to be as 
follows. Oxygen atoms terminate dangling bonds and 
simultaneously oxidize Si-H t bonds in FSG films. 
Nitrogen atoms form small amounts of nitride through 
whole films and a little stronger nitride at the surface than 
the Inside. In other words, the reason why N,0-pLaama 
annealing is effective In blocking moisture is that (i) the 
origin of moisture absorbing (i.e., Si-OH bonds) is 



removed from the film and (ii) the surface becomes 
hydrophobic. 
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ABSTRACT 

A process for miaromaohining arbitrary structures with high aspect ratios in bulk silicon utilising standard micro- 
electronic processes is presented. It is based on electrochemical macropore formation on n-type silicon in electrolytes con- 
taining hydrofluoric acid. Very regular pore arrays with pore diameters and distances in the micrometer range and pore 
lengths of several hundred micrometers can be produced with this technique, wafers with suitable prefabricated pore 
arrays are used as substrates for a micrornachining process Including anisotropic etching of very deep structure* yielding 
straight walls to depths of as much as 150 unt 

hoMwhiftim for electroplating. A low cost alternative to the LIGA 

mrreaucnw process Is reported in Ref. 6. Neither of these techniques 

Micxoniechmnical technology has been developed tor the ^ ^ ^ for d j nCt ^ micrornachining. Recently, 

preparation oi aia^ small ^^tuwe ar^sensors in the , combined approach of Uthographic and reactive ion 

^nrf^ottr rantf* in thft recent decade. BeVOnd tUBt. the ...u— ->t ttj*xm j — 1 J —Vi-V u 
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